P pubicatulum C. DC. The initiation order resembles that in the perfect flowers of some species, such as l? amalago. The carpels are initiated simultaneously, in most cases, as three primordia. In F! polysyphorurn, carpel tips split into two lobes, so that finally a four-or fivelobed stigma will be formed when the ovary is fully developed. The staminodes (exactly, staminodial primordia) in the female flowers are initiated in the same order as the stamens in the male flowers and remain until the ovaries are enclosed. The unisexual flowers have stamens reduced to three or two. The reduction of stamen or staminode (staminodial primordium) number is accompanied by the change of their positions from opposite the carpels to alternate. After the initiation of the staminodes, or, exactly staminodial primordia, in the female flowers, the central part of the floral apex forms a ring meristem which is triangular. The carpel primordia (often three) are initiated on the three points of the ring meristem. The evolutionary trends of the flowers of &per sensu luto are discussed.
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IYI'RODUCTION
The genus, Piper s. L. , consisting of about 2000 species, is taxonomically problematic. It had been divided into many small genera, and there are about 42 generic names involved. Stamen number per flower varies from two to 10 and the number of carpels, which are united to form a syncarpous ovary, from two to five. The flowers vary from bisexual to unisexual, although they uniformly lack a perianth, and bear a single ovule in each ovary. The mature flowers, especially the bisexual ones, give an illusion of radial symmetry and trimery. However, Payer (1857) and especially Tucker (1982a, b) revealed that the flowers are bilateral in symmetry from their ontogeny. hlost floral parts are initiated in pairs and hence they are not trimerous.
The present paper describes the development of the flowers of four dioecious species of Piper in order to reveal the floral evolution in the genus.
IrLATERLlL ASD METHODS
The material of the four species, Rperpo&horurn C. DC., Z? bavinum C. DC., Z? pedicellatum C . DC. and R pubicatulum C. DC Inflorescences used for the study were preserved in FAA (formalin: acetic acid: alcohol= 1:3:3) in the field. For scanning electron microscopy (SEM), material was dehydrated to 95% alcohol, dissected, further dehydrated in an ethanol-acetone series and critical point dried with carbon dioxide with a Hitachi HCP-2 apparatus, mounted on stubs and coated with gold-palladium with an Eiko IB-5 Sputter Coater. The SEM micrographs were taken with an Amray-lOOOB and a Hitachi S-800 at 25 KV.
RESULTS

Floral development
Of Piper polysyphorum C. DC.
Piper pobsyphorurn has three stamens in male flowers, and three to five carpels which unite to form a compound ovary in female flowers. The inflorescence apices ( Fig. 1 ) of both male and female plants are convex, high-domed in vigorously growing earlier stages. The inflorescence apex begins to produce bract primordia in acropetal succession when the inflorescence is about 100 pm high. Each bract primordium is round-domed at first, then elongates transversely. Floral primordium is ellipsoidal in polar view when first visible as a protuberance, is narrow in the median sagittal plane and broad in the transverse plane. It is initiated in the bract axil and at inception its longer axis is parallel with the bract primordium and never grows larger, either in breadth or height, than the bract (Figs 1, 2). The floral primordium becomes convex, and the lateral growth centres, each of which represents a stamen primordium, appear at the two abaxially lateral ends. Then the floral apex produces adaxially a median sagittal stamen (Figs 3, 4) . The floral apex is flat ( Fig.  4) , or protuberant (Figs 5, 6) when the three stamen primordia start to enlarge, and finally ceases to grow and disappears during the maturation of the male flower ( Fig. On a female inflorescence, the three staminodial primordia in each flower develop in the same sequence (Figs 8, 9) as that in the male flowers. The floral apex lies in a central depression ( Fig. 9 ). Three carpels are initiated simultaneously and alternate with the three staminodial primordia which cease to develop ( Fig. 11 ). At first, the carpel primordia are visible only as parts of a triangular depression; later, they grow higher and the gynoecial locule deepens while the staminodial primordia are suppressed (Figs 10, 11) . The carpel positions are variable among flowers, with the median sagittal carpel either adaxial or abaxial. Each of the lateral carpel tips bifurcates to produce two lobes, or sometimes only one of the lateral carpel tips bifurcates, so that there are five or four carpel lobes developed and a five-or fourlobed decurrent stigma with a short style results (Figs 12-15).
7).
Floral development Of Piper bavinum C. DC.
Both male and female inflorescences of this dioecious woody climber are erect and short. The male inflorescences are 5-8cm long and bear 20-30 flowers each of which has two or three stamens. The female inflorescences are less than 1 cm long or 2 4 c m long during the fruit formation. They bear fewer than 20 flowers in which each compound ovary is formed by three (or less often four) carpels.
The initiation of the bract primordia and the floral primordia on both the male ( Fig. 16 ) and the female inflorescences are very similar to those in the first species, except that the bract primordia begin to be initiated when the inflorescences are more than 200 pm long (Figs 16, 17) .
The development of the male flowers in R bavinum is also similar to that in the first species, P pobvphorurn. The convex floral apex first gives rise to two abaxial lateral stamen primordia (Figs 18, 19, 25, 26) which, however, develop in succession such that one is larger than the other. In the development of the three-staminate male flowers, the later-initiated adaxially median sagittal stamen ( Fig. 20) is much smaller than two earlier-initiated abaxially lateral stamens (Figs 2 1-23) and even has a single theca in some cases (Fig. 24 ). The third stamen is not initiated in some male flowers on the same inflorescence (Figs 25, 26) . Very rarely, the vestige of carpels can be seen at the later period of development of a few male flowers ( Fig.   27 ).
In the development of the female flowers, three or two staminodial primordia are initiated (Figs 28-33), but they have disappeared in the mature flowers ( Fig. 42 ). Most often, the three carpel primordia do not bifurcate and only three stigma lobes are formed (Figs 32, 35, 38, 42) . In a few cases, one of the carpel primordia bifurcates to produce two lobes and four stigma lobes are formed (Figs 40, 41) . Very rarely, a ring meristem is also initiated (Fig. 33 ). The positions of the carpels with the staminodial primordia vary from alternate to opposite (Figs 34, 35, 3841) . The stigmas are three-or four-lobed and sessile ( Fig. 42 ).
An indument of multicellular hairs develops on the inflorescence axis and forms the boundary between the flowers on both male and female inflorescences (Figs 24, 25, (31) (32) (33) (34) (35) (38) (39) (40) 42) .
Floral development of Piper pedicellatum C. DC.
The flowers of this plant have only two stamens in the male and two staminodes in the female. The gynoecium of the female flowers is of three carpels united to form a compound unilocular ovary. The inflorescences droop and are much longer than the above two species and bear more than 400 flowers.
Bract primordia begin to initiate acropetally when the inflorescence grows to 10CL150 pm long. The bract primordia are in several contact parastichies (Figs 43, 44) . The floral primordia are initiated in the axils of the young bracts. The floral primordia are initiated in most cases until the inflorescence grows to more than 1 mm long and the bract primordia grow much higher (Figs 45, 46) .
The floral primordia are ellipsoidal protuberances at inception, and they become convex (Fig. 45 ). The lateral stamen primordia appear at the two abaxially lateral ends of the floral apex (Figs 46, 47) . Later on, they appear to be reorientated towards adaxial lateral positions (Fig. 48 ). After the development of the stamens, the remaining floral apex diminishes in size. The anthers of the two stamens become sagittally parallel with each other (Figs 48, 49) . In a few cases the median sagittal stamen is initiated at the abaxial position (Figs 50, 51), instead of the adaxial position as in the above species (Figs 4, 28) .
The floral apex in the female flower becomes a flat cushion after the initiation of two staminodial primordia (Fig. 52 ). The remaining floral apex grows more and its central part becomes a shallow hollow ( Fig. 53) . A ring meristem of carpels is initiated with the deepening of the ovarian locule. The staminodial primordia cease to develop and become suppressed ( Fig. 54) . Later, the carpel primordium trifurcates to form an ovary of three carpels ( Fig. 35 ) and the staminodial primordia disappear in the mature flowers ( Fig. 55 ). Less often, bisexual flowers can be observed on the female inflorescences ( Fig. 56 ).
An indument of multicellular uniseriate long hairs develops in the later periods, remains in the mature flowers, and is clustered between the flowers (53) (54) (55) (56) .
Floral development of Piper pubicatulum C. DC.
The inflorescences of the climbing plant are up to 10 cm long and bear more than 400 flowers. Each male flower has two stamens, and each female flower has a gynoecium of three carpels united to form a compound unilocular ovary. Fig. 2 . Young bract and floral primordium. Fig. 3 . Floral primordium. Two lateral stamens initiated. Fig. 4 . The third stamen initiated adaxially. The bract primordia, which are at first round and domed protuberances, are acropetally initiated in several contact parastichies on the male inflorescence when it grows to 270-300 pm long (Fig. 57) . The floral primordia are initiated in the axils of the bract primordia until the inflorescence becomes 800-1000 pm long. The floral apex at inception is an ellipsoidal protuberance and much smaller than the bract primordium (Fig. 58) . The floral apex is slightly convex, and produces two stamen primordia simultaneously in lateral positions (Fig. 59) . After the initiation of the two lateral stamens, the remaining floral apex diminishes in size, as the two stamen primordia enlarge (Figs 60, 61) .
On the female inflorescence the bract primordia are initiated acropetally in several orthostichies when the inflorescence grows to 80pm long (Fig. 63) . The floral primordia are initiated until the inflorescence reaches 400 pm long. Two staminodial primordia are initiated in lateral positions, and the remaining floral apex lies in a central depression (Fig. 64) . The remaining floral apex enlarges more ( Fig. 65) , becomes a flat cushion, and then a triangular ring-meristem primordium with a hollow at the centre (Figs 66, 67 ). Three points of the triangular primordium heighten (Fig. 67) . The staminodial primordia cease to develop (Figs 65, 66 ). Since the ring-meristem primordium gives rise to only three lobes, the ovary is formed by three carpels. The stigma is three-lobed and is covered with papillae. The staminodial primordia finally disappear (Figs 67-69 ).
An indument of multicellular uniseriate hairs develops as early as the floral primordia begin to develop (Figs 19-61, 65-68) , remains in the mature flowers, and forms the borders between the flowers (Figs 62, 69 ).
DISCUSSION
The first-initiated stamens in the flowers of the four dioecious species of Piper are the pair of lateral stamens, which are initiated simultaneously and slightly toward the abaxial side. Then the third one, if present, is initiated adaxially in the median sagittal plane. The three (2-5) carpels are initiated simultaneously, and sometimes will split into four or five stigma lobes as in R pobsyphorum. In the other species, the number of carpels and stigma lobes is the same. The staminodial primordia in the female flowers are initiated in the same manner as the stamens in the male flowers and become suppressed when the flowers are mature. These events are very similar to the sequence of floral development of Piper amalagu (Encha), especially in the sequence of the earliest-initiated three stamens (Tucker, 1982b; Tucker et al., 1993; Liang & Tucker, 1995) .
Literature on the floral development of Piperaceae (Tucker, 1982b; & Tucker, 1995) has shown us at least three types of sequence of floral development in Piper s.L, (and at least five types of that in the Piperaceae, adding those of <ippelia (Liang & Tucker, 1995) , and Peperomia (Tucker, 1980; Lei, 1995) . They are represented respectively by patterns 1-3. (1) Piper amalago (Enchu) . The abaxial lateral pair of stamens is initiated first, then, successively, the adaxial stamen and the abaxial stamen in the median sagittal plane; the last initiated is the adaxial lateral pair of stamens.
1993; Liang
(2) Piper marginutu (Ottonia). The single adaxial stamen and single abaxial stamen in the median sagittal plane are initiated first and successively; the last initiated is the pair of lateral stamens.
(3) Piperjumaicensis (Artanthe). The single adaxial stamen is in the median sagittal plane, and the pair of lateral stamens is initiated simultaneously. The last initiated is the single abaxial stamen in the median sagittal plane.
The floral parts in R p e r s.1. are mainly initiated in pairs, but the orders vary.
Therefore, we believe that Piper s.1. is not a monophyletic group, and more widespread ontogenetic studies are necessary and helpful for the generic segregation of Piper s.1. and even the Piperaceae. The reduction or loss of the floral parts (especially stamens) is inversely correlated to their order of initiation, i.e., the last-initiated parts are lost first, and the firstinitiated parts are the last to be lost. The reduced flowers would have five, four, three or two stamens. The evidence of the paired initiations of the floral parts indicates that the flowers in Piper s.1. and even in the Piperaceae are not trimerous and not radially symmetrical as presumed by earlier authors (Eichler, 1875 (Eichler, -1878 Burger, 1977) . Recently, Tebbs (1989) drew six stamens in two whorls in sketches of a flower. She implied that the flower is radally symmetrical and trimerous. In fact, the flowers have zygomorphic (dorsiventral) symmetry, with organs positioned either in the median sagittal plane or in mirror-image pairs on both sides of that plane (Tucker, 1982b) . The unisexual flowers have the number of stamens reduced to three and two; there is no unisexual flower with four or more than four stamens in P$u s.1. Bisexual flowers may have any numbers of stamens (2-10) in the genus, but those with three or two stamens are common in many species of the Old World. The female inflorescences of some dioecious species, like Tr pedicellutum (Lei, 1995) may have some bisexual flowers. with three staminodial primordia, scale bar = 100 pm. Fig. 28 . Two lateral staminodial primordia have already been initiated and are not in the same size. The third one on the median sagittal point is initiated. Fig. 29 . Remaining floral apex becomes a triangular ring-meristem. Fig. 30 . One young flower with two staminodial primordia (upper left) and another with three (lower right). Fig. 3 1. Young flower is the same as the lower right one in Fig. 30 . Carpel primordia begin to be initiated. Hairs surround the young flower. The carpels in the flowers (both the bisexual and the unisexual) seem to be mainly developed from three simultaneously initiated primordia. One or two carpel tips split into two lobes in I? po&yphomm, so that a four-to five-lobed stigma will form when the ovary is fully developed.
With the reduction of floral parts (mainly stamens), their positions vary from opposite the carpels to alternate. In the male flowers with two stamens in some species like 19 pedicellatum and 19 pubicatulum, with the development of the flower the positions of the two stamens change slightly, shifting more adaxially. A third stamen primordium is sometimes produced in some male flowers of R pedicellatum: it forms at the abaxial, median position unlike in the more usual case where the third stamen primordium is initiated at the adaxial, median position.
There are no published data on floral development of the flowers with more than six stamens (sometimes up to 10 stamens in some species), but we can theorize that flowers with six stamens and four united carpels are primitive, and other flowers with fewer organs are advanced, based on comparisons with the primitive monotypic genus <z$pelia in the same family, Piperaceae, and to genera in the closely related family, Saururaceae. Evolutionary trends of the flowers in P$er s m u lato include the diminution and compaction of the floral parts (Burger, 1972) ) the pedicellate flowers and then the racemose inflorescences, the sinking of flowers into the inflorescence axis, the adnation of the stamens to the ovary in both Piper subgen. Ottonziz (Caliejas, 1986) and Piper subgen. Arctottoniu (Bornstein, 1989) , and the formation of a ringmeristem before the initiation of carpel primordia. Fig. 43 . Young inflorescence. The initiation of bracts and floral apices in the axils of the lowest bracts, scale bar= 1 mm. Fig. 44 . Young bracts and small hairs. Fig. 45 . Young bract and a floral apex. Fig. 46 . Young bract and floral apex on which two lateral stamen primordia have initiated at slightly abaxial positions. Fig. 52 . The two staminoid primordia and remaining floral apex. Fig. 53 . Two staminodial primordia and ring-menstem from which the carpelsis initiated later. Fig. 54 . Suppressed staminodial primordia, ring-meristem of simultaneous initiated carpels, and incipient chamber of ovary. Fig. 55 . Enclosed ovary which is formed by three carpels. Staminodial primordia have disappeared. Figs 52-55, scale bar = 100 pm. Fig. 56 . Bisexual flower on the female inflorescence. Tricarpellate ovary, two mature stamens and hairs surrounding the flower, scale bar = 1 mm. Botanical Garden of the Academy of Sciences of China for assistance in collecting the material.
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